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. . . . . MmLi ZmHmKrm.lqmclm OqJm
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By mid Blermmn eud L=

.,

I!’lmlt ail grotnil.”wxmn8 tasts

mmm?lm .

.
-.

Wre OoMxrtea With a mmthrop
lattaok&plane (1 corpsdeilgnatlon,A-17A)to debmllm - -
meritsof a AOSe-blowerenglm 00wIX desipd and builtat the
N.A.C.A.Labomtoiw, The ohl?fob~eotof the testswas b det4m-
mine UM ooolingcbrmterlsticer& the noseblomr, pmtlmlarly
far ground and lov-qeed uperation. Of em= Interestwas
the effeoton the speedor drag of the alrplam.

The teatsshowedthat the nose-bloweroowl~ was deflnitaly
superiorto the N .A.C.A.oowlingfrm the stzuxlpolntof gr~
coollng,sinoeWe enginewas operatedat full throttlefor
15 minuteswith oyllndertemperatureswell below the reoommnded
linllt. Althoughtherewas a slightdememe in speedwith the
nose blowerfor the particularhslal.latlontested,the results
of the speed testswere reallyInoonoluslveas re@rds thepossi-
blliMea of improvedhigh-speedperfommnoe. The nose-blower
cwl~ was definitelymore powerfulas a blowerthan it need have
been for eatisfaotorygroundooollmg,and oonseguentlythe power
absorbedwas exoesalve.

IRmo3xJoTIoN

Duringthepast yww, We J!J.A.C.A.oonduotedexperlmnts In
the 20-foottunnelm se= cowlin$models Intended to ~0~
theooollngofradlal enginesat I.ovalrspeed sandtoredwetlm
drag. Testswww made on a vin@Wot system,de~ibea in refer-
enoe 1, whioh showedthat Inguxmd ooollq oouldbe obt.almdif
thewing were sufflcdentlythickto aoocmmdata effioiententmnde
duets, Sevaralblouersystemsfor “iue whenwing dwts esw -t
pzmotioablsare desoribedin mfemnoes 2 - 3 In wbioh the air
is drawnin throughentranoesiOOdd In the * roots, In the
sided the Oo’wling,and-inthe noseof the m’uling..mess systems
ehoma premiseof fulfilling-thelwqUlmMnts Set forth,so furtwr
testsvlth an engineappemwd to be advan~~oue for further
developingthe wstems and demmxtmtimg theirqueAitles,

A Northropattaokairp~ (4k&corps desi~tion, A-17A)-S
borrouedfrcm t& Alr CorpseearlyIn 1939 to oarzyout furtlmrthe
owllng experimentsin fli~t. The nose blowertme. desarlbedIn
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refermoe3, w udeutdl far the ftmrt —p=hedJ %m?mete tt ~
the easiestto imtall~ and, if it provedauoceseful,it voul.dhave
the greateatImnediate“applieatim’. .

Me ohi.efobJeotof theseteatavaa to detemine the moling
charaoterlstimof the oovlings. It was realizedthat thereme
littleohancefor inoreaeingtie epml d thisairplaneby any
improvementsin the nose ehapebeoause the drag contributedby the
lWJi.Cdl.”oowlAngisonlyaenmll partofthe dmgofthecmtire
airplane.

.

Al?eARA!lua

- a~==~ The prinolpelchamoteristiceof theA-17A airplauO
.

Aiml.enq:

-8 47 f-t 9 inohes.

‘a, 3i feet 8 inohea.
..

Wei@t, 7,150pOUl@ Q

-: Pratt& WhitneyR-1535-13

Rated horsepower,750 a+,2,500feet at 2,~ r.p~.

Q8ar ratio,4:3●

Froveller: Controllable Inro-poeititm.

Blade dravlng Ivo● 610JA-60

Diameter,9 feet 6 lnohes. “

Settinge,I$?.5°and 26Q“ et 42-inohetation.

Photographsof the airplanewith the-standardNQA.C9.A.Cuuling
are givenin figures1, 2, and 3. Perfomenoe oharaoteristicsfor
the engineare givenM figure4. The mmomeO ded maximumo@llnder-
Imad teqperatuzwam aa folloua: . ..

Cbntinuow high epeed,~o C. (~” F.),

Cmtlnlmus”cruising,?350c ● “(4550l?’.)●

.

—- --- ,,. . , . -- —,,,. ,,. .
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Ifose-m.tmer mwl I.qg.-A sketohof thenose-bloweroowllng

In fluure5. One modificationwas mde to tie originalblower

3

ia given

the Gate,- as ~tOa on the sketoh. m2s modif Ioaticm mnaiatea m
restrictingthe frentopsnlngarea to 46 percxmtof the originalvalue
by ~ of an extemsionto thenose of thebloweh. .~e primary
purposeof thismodlfloationwas to detemlne the affectof reduoimg
tie Ptmplngaotlon. It W8S ~OOtOa *t the quentim of ml.hg air ‘
wouldbe greatly~ducml with resulting hi@er temperatures,althou@
It was reellzedthat the efficibnoyof tie bkwer would suffer W5ng
to tie rapid~lon in the Internal paOOageEJi “ I&Ufication of tb
blowerto reduoethe pun@ng aotlcmeffiolentlywcdd have regpired
the ocmstrmtionof a mqpletely new oawllng,wblohappearedto be
unwarmnted for the purposeintended.

!Cheorlglnalfoam of the nose blowerwas patternedaftera
modelblowerpreviouslytested(blower5, referenoe 3) but was
modified with tie intention of improtfng the Intemal.-flow oharao-
terlstloa. The length-diameter ratio was inoreasml, the expansiau
rate of the passages reduced, aud the radiua of ourvature of the blades
Inoreaesd.It was hoped that,with thesemodlficatlone,the internal-
flow sep&ratlonnutedfor blower5 wouldbe eliminatedand the
effloimcy @proved. In view of the dep+mres frm the design of
blower5, It was Impossibleto predictthe performanceohmmterletlcs
of theA-17Ablower. A consemative desigc was adopted whioh would
insure cooling offthe engine under all mnditlone and little regard
was givm to the resulting speed of the airplane.

FIPS 6 to 9 show various views of the nose blower as lniti-

elly installed. One may note the oowl-flapextrusionswhlohwere
a@ed in orderthatthe exit slotcouldbe olosedtighterthan
possiblewith the standardflaps● The entireflapswere replaoedby
newonesafter a few fli@ts were made beoause of excessive alr
leaka& aroundthe e~s of eaohflap. Also the vent slotat the
fIrewallwas almostentirelyolosed,em well as otherleakageopenhgs,
bemuse it was fouud that,with thenoseblower,the M@ pressure
wlthlntie oaMAng causedjetsof alr to fluu out the leak Opqnlnge,
a cmdltlcm thatpresumablyincreasedthe hag, sinceIt was foundthat
themaXlnnamspeedInoreasedafter the leakswere sealed.

Figures10 to 12 show ‘thenose-blovkr Inetallatlcm at the
ompletlon of the teate. Note the paperand metal sealsover tie leek
Openings. !I!heaephotographsalso show the extensionUoh was added
to the nose for the purpose of Z’e&cing -@3 Opening ma to.46 permit
of Its orlglnalvalue. The area of the frontopmi~ was rsduoedto
detemine the effeotof throttlingtheblower on the “mol~ oharao-
teristics and also the effeot on the speed.
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.~.U@zwEQa—f=—— -W of tcn!wmatu’wwere made as fOllows:#

(a) Cylinderhead at frcmtsnd rear spqrkpl~ bosseson
“-oyltidera”4, 5, U.,and12 wl.ththemooouples Inserted In the metal.. . .

of ~(t) Cyltir barkl at theirmidpointsIn the frentand rear .
~ k, “5,U, “and12 witkitihermoooupleaweldafion the steel.

(Cyllndersyere nunibwredin the direction of propellerrotation,
‘~.bb@nnl.ngwith We u~nuostj whichwas in the rearImnkj i●e●S

.“”“oylixders4 and 5 were on the rightside,U emd 12 m tie left si*
of.tieangin6; ksnd121n thefrontbank, 5and Uln the rear
bimk.)

(c)

“ . (a)

(e)

. .
(0

~ (8)
,. cyi+nder.. .

(h)

. .

.. . ..”

Free air in a wing recess.

Cooling ELITbehind the cylbders on each side of emgine.

Accessol?yccqar&ent . ..

Carb&9tor air.

Mkture tn cqe manlfold”pipe closeto tie.cylinder ~
‘6.

&t&e manifoldpipe closeto the oyllndercm oylinder6.

Measuransnts 0? tital cooling-air pressur9 drop acrosa the
engine were .mde with three ti~bemZocated at 120° spacing around tie
.ge ti We frout of the cylindersaL the head baqes,and with
corresponding tubes behind the engine near the exit slot. The front

. I+L$rear tubes were connectedto ihe two eidea of a recordingair-
speed meter, which measured the pressure drop acro~s the engine at
$he tube locatlons.

. .
“. The auglne zwtat~nnal speed was measmed with a reoording

“centrifugal-tachometerIn addition to an Indicating“electrictacho-
meter ● “ .“
.’.

!lM air speedw Mkezlse measuredwith a recorMng”lnetru-
+t Iq &ddltion to the pilot~~ Indicating instrument. These

r .inaWzmmts were calibrated In flight with a suspandet bonib.

...
A sdtoscope, tilch records”smali changes @ presm% hei@t,

““was.~~%+gd as a means for detemnlning the oondlticm of 10Vd.- .
fId@t” oy.prqtlon.

. .
.,. ..

The pressure altitude was m9asured with a sensittve altimeter.

——. - ,,. -—- ..,. . . . ,
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!lhepm+me “of“theteatswai to establishtiemeritsof tie
nose-blowermwling relativeto the standardlV4 ●CJ. cowllng,
primarilyfrom tie etandpolntof coolingand EwxILdEri4frcunthe
Otandpolntof speedor drag. Time historiesof temperaturednrlng
full-throttleoperatlm on the groundwere seleotedas themost
severemd mat rella%lecriterionof aoollng. !Mlperatureswere
also talmlIn the full-throttlehl~=speed oondlt%onof fli~t with
cowlflapsolcsed.

-Iwotypesof Yli@t mns were lluade:(a)Levelfll~t at full
throttleto establishthemaxhum speed,themixturebeingadJusted
In e@ testto obtainthenmxlmm enginee~edJ (b) levelfll@t
over a rangeof speeds with the propellerblade anglemaintained
constant at the hi~ sbtting to establlah the relatim between
air speed and “bn@ae speed. Such data are useful In Jud@.g the
reliablli~ of fulJ.-throttle runs, as till be Wmussed later. The
fli@t tests were made at a pressure altitude of about 8,OOOfeet,
whioh in most cases corresponded to a densl$y altitude of approxi-
mately 10,000 feet.

Aseuranoethat the airplanewas At ohmglng altitudeexcessl-
“vely duringthe runswas obtalned from the statoscope records,

RESULTSAND DISCUSSION

The results of the ground-coollng tests are given In figures
13 and 14, while thosefor the full-throttlelevel-fli~t testsare
@van In table1. Figure15 showsthe reoordedpressuredrops
acrossthe engine. The speedresultsare givenIn fi@mes 16 to 18
md table11.

Q2s2w%”-The the hieto~ ourve~of oylin~r temperatures
givauIn figure13 showvery cmvtnolnglythe superimlty of the
nose-blowercowlingover theE.A.C.A.mwling fkm the standpoint
of groundOoollrlg, With the!J~.C.A.cowlingk plaos,the engine
was opemted for 6 minutesfullthrottle and shut down when It
appeared that oertaln tqratures wore exoeedjng the limits set. lhe
oux’vesshow that the head teqeratures had nearly tatabll.lzedbut that
the barrel temperatureswere still rlslng h acme oaee~i “

The anglne was z-m full throttle for about 15 minuteswith the
originalnose-blowercowling and cjouldhavebeen mm lndsfinltelyas
far as the oooliq is concemmd. Tqperatureafor onlyMl minutesare
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minutes-U. belowthe”operatingMmIt. Theheall-temperaturesrm
Uulfomlydbout130°r. belowthosefor the lvDAocA* Cowllngat
the 6dnute point. TIM bsrml -ratures alao ran, in general,
d%csaabout100°F. to 145°Y. lwe~.. .

Even thoughtheblowermodificationresultedIn increased
temperaturesof about@ FT, the temperatureswere yet about100°F.
below thosefor the IV.AJ ●A. CWMn.S td well. belcm the maxtmam
lmt. IQt&osughthe enginewas shut downafter6 minute~of operation

- at full throttle,It couldhavebeen run tidefinltely.

Figu= 14 shws that the nose-blower cowling resukted In subetan-
tlaUy loweroil temperaturesfor tie groundoperatich.The tsmpera-
tums of the oil mterlng the enginemymheU 200°F. after ~ minutes
of fl-throttle operationwith the IV●A.C●A. COWMIW@l it was
rishg rapidlyjwhereasit reachedonly153° F. with the nose-blomr
oowlingfor the ssmep“miadeven tiou@ tie free-~r ~erat~ ~~.
lDO higher. The t.cnqeratur’estabilizedat aboutl&)OF. In about
14 minute.sfor thenose blomr.

. .
The temperaturesof Me oil entering the engine were about

~0 F. ~@er for the modified blowerthanfor theblowerin the
OrlglnalConaltion. A stabilizingtemperatureof about~“ F. for
a free-airtemperatureof 95° F. is Intioated. This highertmpem-
~ be.ezplalnedIn partby the fact that ~e accesBorycmpartmnt
was not ventilated so weU for the blower In tie modltied ccmdltion
as for the other two cowl-, resultlng in air of a higher tempeYx3ture
Surrounalng the oil tank ●

It appears frcm these ground-cooUng tests that the blower was
antlrely too powerful for this engine. ThereprobablyIs no need in
any servicecondltianfor a coolingsystemwhichtillmalntalntemper-
aturesas low as thoserecordedPor fuU-httle operationon the
gmnnd. A blowerof greatlyreducedpuqlng capacitywouldprobably
COO.Ltiis enginesatisfactorilyunderall ordinaryoperatingconM-
tionswith resultlngpowerSaq.

FollowlngIs a tableof varlqusenginetxqpedatumsfor full-
thmttl.elevelflightat 8,OOOfeet.



..-

TABXEI .
I

..

Amrage lk@ne RWMratureB Durins FuU-l!hottle Flight at 8,0cM Feet Altit-&ls !
Alr speed,200milesmr hour.

.— —— .——. -—. —-.———i ITemperatwxm atme free air,

1

Teunperatm3 Ohsnge fmn
8

%. lV.A.C.A.cowlln& ?Fa. ..

I
t-- “ – ;;;-;-;-r-; ‘“-— ‘:‘- .‘-- --—--

—— ...-

T
--—.—-

1 I . poalflea
I

Hose-blower
r“

@lfietl .
g Col?lmg .nose-. Oo’wlhg Inom-;

II
!

I

N.A.C.A.“!..--....‘----r‘“-‘.—;blower .—. — -Iblmnq-
i dowl~; IA&:~lYle,JMxed :cowl-; ~~std)le FtZed jcoulm;~~’ .

Locatfon ,ad@sta’’lelK!ap9; ]flaps; Iaa~ust-flaps; 1:flaps; I**t.
0’”

I
imps;

L’

,l/2-inoh Il/4-inch;able l/2-lnoh ‘1/4-intqale
2-inOh. !gfit ,flaps;

I

Iexit iflaps~
exft W* [:i& lp--~ !-&- ‘~ ~l/2;lml
W- ! ;exit“

I I

t.

;&.: ——.....—— — - —-. *.— -——

I

~-;— : ‘==+-– ‘–-–--—-
- Ame6smy ouqkdwmt 44 ‘g I 79 ~ -g ~ ~ 35””
- Carburetorintakealr 38 ~ 28
- _ c~nt, left @

: 27
,76!88 j 74

- UC Cmpwtmmt,fight 73
~ &

:1oo ,75 p. ‘,i ! ‘%
4 B(mel, front 255 .,

4 I Sparkplug,frmt I 355 1240 :
4 Spemkphig, rear ~ 330
4 ~-1, ~~

pg
‘ 215 ~; ;~ ‘~’-1 ; ~j

I 3P

5 !B=rel, f’rcult 245 ! 21.O
p IsparkNW ~ 3& ~ 265 !28Q

400 ! 34.0
I:% l-: -

i 395 I 365 I -5’
-?0

5 fspark @.W, ‘=
5,BEuTel,mar 300

J
I* I%% l% w ~~U!-1, fhont Igg lam ,

-50 -15 ‘

i.—.—-. _?–-.—.–-.-.. — --+—— .— .

%Cbssereadings,whichare inocnulstentwiththe others, are bellevedto havebeenaffected.by
@mm@Y *ti_ m=mples or by S- PSOU= 100sIco~q oondltzcm.They=’@
ocmsidemdinsl@floant lmlhavebeennegleotedin Calpdng VariousOowlingmmngmsnta.

.4

I
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------ .- .-— - -1—----- .-— --- -.-—- -------------- -- —.-— —— --- — ------

I
~-~t~~bo~ freeair

1“ m

I
I TemperELtulx- fr(m. N.A.C.A. cowl~,%.

.-—.-...-7--- ‘--— ---:M;;i:~- -— ------ -—-—

I
Hose-blower ~OSO-blower /MoMf’led

Ml
cowling ~mse- ~ Cowllng ~~~-

ai
i

IV.A.C.A. :.----—–-— -..lblower ~.--.-----:----—–.-blower
00VMMJ; I i ;oowllng;! l~*m3:

Location
% ;adxble Ad~uctahleDHxml ia@3t- .Adjustable;Fixed lad@st-
01 ‘flaps;

I
iflaps; flaps; .able !fl.aps; :flaps; able

g
2-lIlch ;l/2-lnoh ll~h-wh$laps; I~1/2-lnoh:lfi-lnoh,flaps;

~ ,exit exft ~exit 1/’2-inch“GXtt ~exit p/2-inoh

I

Ww 1~ ~openinglexl*
I

1- !Openlngpxlt

4--

opening { .-
.. -.1-.—--— ——- .—.— - .— - .-—----—- —-

1

~ -=——L—-.+ - -—. —— .-— —

11 i-k plug,front

I

335 :255@;gMo~ -3:~-m
U Spmk plu& rem? 3e g3ho#85
11 Bm’el, rear ;225! 270 I 235 :-%+li%
12,Barrel,front 230’ 200 : 235
12iSparkplu$>-t :; p!@ ‘270 i?G3?5M;S=k pl~, mm ; 315

I .; I :%.
Rw.%i-g’w”x12 IBmrel, mm 95 ‘ 255

6IIntakemmifdd WSJJ. 55 156
I

56
pQ

~ 18 ‘1
6,mtdse manifom tnterio+ 88 ~ 67 :8 !, 6e ,d : -3 p ~

! ———~ — -—..—.—*-— ----—. ----.———~—-.
■

m %Chmereadings, whloh a’s Inomslstentwith the others, are believedto havebeendfedted by
: hwowrly fumticdng thenuooouplesor by mm peculiar100alcoollnGccmlitlon.They m
g considered~lguif’leant~ hwe been mglectml in canparhg verioue ccmllngemmgmmts.
I
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~ eaoh oomlttlon, tb oowl flaps were olosetl to.the.otqps
exidtng. at..thet@e, W the aotudl.opmlngs were different. The
Wedard H.A.C.A oowl~ f%Lp& ‘I#m-sh&ter by se- 3n@e6 tti
the flapsfor the noseblowerand the exit opening was cmsiderab~
greater. Hew mwl flapsweremade for the nOSS-blowerinstallation
With the Intentionof throttlingthe coollngU tb the pointthat
the englm tempemturea.wouldeqnalthosefor the X?.A.C4. oawllng.
Colmnns2 and 5 show“Ut, tiththef’upsOIOSSd& “tlght~as the “
rmllieti flapmeohanisIupermitted,the oylindertemperatureswere “ . “
~ 30°F..‘to150°1’.lowerthan for theJW4.CA. oowling. (Two .
sets of dmibtfulreadtngssre neglected.) “ .,

The f Irst speed mm with the nose.Thw6r cowlingImluatiil “
-t the airplanewas severaltiles per h= slowert= with,.
theNA.CA. oowling. It was th~t that the M@ oawlprOSSUIW ;
was oaus@g air to flow.out throughQ holesend oraoksIn oowllng .,:-
to disturbthe flow overtho fuselage. Ali thb”OpSll@S wOl?ethSrO-
fore sealed,fnolti the acow3s0ry ocmptint ven+jilatingslot . ~“
at the fire wall except for a pmtl.on near the bottcm. The atrplsne ~
speed Immediately lnomamd several miles per hcne, but It may be
noted that the ~~ssory-c~~t tenrperaturesmre~a 3P F.

The nert step 00n0istOa Of fatefing the flap “WaiMng edges “

to the cowllng, leaving a l/k-lnoh slot opening. The cylbbr . .

%~~es am’omhod tltoeefor the IVJI.C.Ai cowllng fairly closely .
(See OdlXIU103 end 6.) The aodmmry—c~t

temperat~ exceededthat for the IV.A.C.A.oowllngby 55° T. and
the engino-oqpmbnent temyrature ran some 19° P. to 27 F, higher.
Since the oodlng-air temperature risk through the engine was
ticm~a scfne25 percent for the seineoylinder temperatures, it
1S reasmble to assume that less alr was passing through the
baffles and that the rate of he@ exdange was mteridlly inoreasdl. “
This higher heat-transfer rat-eoan be 041ain0d frwn studies of the
flow leaving the blowar. It was pointedout In referenoe3 that
the air leavlngthe.blower was In the fom of a series of Mgh-speed
Jets,whlohwere mectea Into the cyl*Miersalonga hellml path.
It seemsreascmabla that the omiblnatlouaof the high Jetvelocity
and W em@9s at whioh the”air stzpcesthe fins~tia result In
a greater mowing action and ocmsaqbly pater heat.tmnsfer
rate●

Reduotng the !blmmr.entrance opening had no lmpcnrknt effeot
on the ooollng at high speed as..* tanpqm3tuyyjswere only a few
degmea hl@er than with the mmmdlfletl blowsr. “(Se6 00IWUM h
- 70)

.

,-, ., .. . -,. . , -.— ... , ...—- ..-. -
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The pm’ssume across Iileengineare

w- ndmm9n0kmtiL coefficlentO

P, the mass dendty of air.

n, the propellerrotationalspeed.

d, the blowerdesigndiameter.

D, the propellerMemtier.

me preSEWS ooeffictents twe @0ttt3a8gdnst v@D a
V/rid,where V is the forwmd speedof the alrplaneo The
coefficientsam based.on the propeller dtsmeterfor the 1!●A .C A
cowlhg and the blower-designdlmmter for the noseblower,but
both scalesare givenfor the nose blowerto facllitatadlred
cuqpszlmns, if Mrect cmqparisonscanbe made.

It shcml~be borne In mind that the pressuresrecoriledwere
onlythe localpresmre differencesat the tdbes and not neoesaarlly
the averageor representativepremure differencesacrossthe engine.
It is pointedout h z%ferenoe3 that a very eteepradialpremure
@ent exis%sbehind the nose bluwer. The tubes were located at
the base of the heads (seeflg. 5), WMch corresponds to a low
Pz’OSmrmregionapproaohlngthe staticvsluefor the nose blower.
Surveys made with a model blower Indicated that the maximum
pressureat the outer mrface of the oooling air stream was several
times the staticvaluenear the centerof the oowling. l?orthiB -
reason,compaxlsonsbetweenthe nose-blowercowlingaud the H.A.C,A
cowling made on the basis of presmnw dropprobablyham little
St@if hxloe .

Of interest, howsver, are the dlfferenoeB In pressure available
at the grorm.dpoint. Whereas very little pressure is recorded at
the ground for the IT.A.C .A. cowllng,thenose-blcwercowllxigproduced
aboutthe sme pmBsure au was required for full-throttle level
flight. (See point for l/4-inoh exit slot.)

OPO@ng the IV.A.C.A. cowlflaps inoreaseathe pmmre at hifilb
speed.by eibout30 percent;whereasopeningthe nose-blowerflaps
frcm the lfi-lmh positionlnoreasedthe pmmnm about1X percent.
The coollngpowerwas very M@

F
the conditions of flaps open

shoe it is proportional to 4 @/p. For examplo,if the blower
abambs ~ horsepowerfor a 4&W = 2 at sea lavel,then It till
absorb~ horsepowerat 10,000feet with the flapsopen
(4/row = 4.85)q ThlSpcdntis of lxrbrestIn Ooulnectdm
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iptithever ysmalldmkmnoeti MeaELmlSpwds Zwoozd.edfor
various settings of the Wwl flaps with the nose blower, as till

...,-:.be.further M.smsmd fn om-ction with the epeodteste.
. .

The Ztmllts of flm~throttlerims f=
. MOus a era presentedin tableII. It was

foundthat the M=- fm m nose-blowerG-1= were 0bt8ilM~
“ With the cowlflapsh sme intem@liateposition,neither9ntiX’elY.., opsnednor olosedto the po~t at %Mch the enginetemperatures

apprazimatedthose.for the H.A.CA. cowling. Only the rosult9for
those Intemedlats“posttlonsam lnoluded. The enginetenrpemt~s
diningtheseZTMSWSm defmtg~ 10WW ~ with the 11.A.C.A. cowling.

A correction for the effectm mtdmtm speed of the mmall
1c&tltWe differences qgrienmd bctmed different tests was made
by derlylnga Cm of maximm mea ~~mm dtitm f= thedmlm
equippedwith theN~ .C.A. cowl-, USlngthe oxporimentallydeteminef!l
relationbetweenalr speedCM engine speed, the engfne oharaoteristics
givenIn figme 4, and assmi~ pzmpelbr cheraoteristics frcmIrefer-
ence 5. The values thus comected to the seam sltltude, so that they
may be directly ccupared, are llstml h tableII under the keadlng
‘tAdJustedto 10,000 feet.“ no carrectlonsfor dlfferonoesin engtne
speedweremade.
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1.Aocuzl%tee Oonsistmt detamtnatlonsof the m3xtmnEapee~
am quitedlffloult, olme theyare eppreolablyaffeotedby several

-.mumes of error:mmdltion of the engine,cdJustauentof thenllxture
oontrol,atmoepherlopressureand tempemdjure,smaU deviationsfmn
steadylevelflight,and the prm~e of verticalourrenteIn the
atmosphere,The results,however, are fairly ooneistent, with the
-eptlon of tuo.evidently low vaiues for the lT.A.C 4. QOWllng.
Them iB no Significant.~ffe~e between the values for the tuo
fobs of the blwer nose, and”W yarlatlon in”flap settingf- .
abouthalf olosed(l-3/4--imh~t slot)to fullyolosed(l/~noh
exit slot]afiearsto have a negligibleeffeot.

13

* That the flap setting for the nose blwer had ve~ llttle
effeot on the speed seam stmnge beoauae of the large ohanges in
Internal aooll* power resulting fmm ohan@ng the setting as
previously noted. There are two poseible erplanatlons to this
WdOX: (a) Opening the flaps may have resulted in greater
engi.tepuwer] or, (b) opening the flaps nay have reduced the drag.
In the prellmlna~ testswith the nosebbwer, it was foundthat
the dragwas greatlyinoreasedbecwe the high p“mssure wlthln
the oowlingcaused alr to flow out through various holes resulting
in dlstm%ed flow. It is quite likely that this oondltion existed
for all the tests to some extent. If a blower wem installed whloh
would be less powerful, it Is likely that the ~, as well as the
power absorbed for ooollug purposes, would have been less.

A more significant ccuuparlsonof full-throttle runs, Indicating
the oonslstenoy and reliablli~ of the values,1s obtainedby
oonsiderlngthe ~peed pointsin coa$motion with the
cOrrespondlng oumes of engine (or propeller) speed against alr
speed. These data are presented for 10,000 feet in figure 16, in
which the ad@sted valuesfrom tableII are plottedon the falred
ourvesof I?e (eU@ZM speed)~imt V (truealr speed), I’UJJ.-
throttlerune for both formsof the noseblbwerhavebeen plotted
togethercm the curvefor the nose blower,ainoethereseamsto be
a negligible dlffereme In their aemtQnsmio oharaoterletios.

The curves In figure 16 were derivedfrcm’the ~erlmental data
of figures 17 and 18. The curves of theselast figuresare the eo-
oalMd’ quantity ‘Indicatedpropelldrspeed”requ.lreda@nst Indloated
air speed. As explelnedin detailIn referenoe 6, a singlecurve

% agalnet 0% (where a Is the relativedensity)isof u
applloableto levelflightat all altitudesand dependsonly on the
aerodpuulc oharaotetistlosof the airplane-propelkrocmbination.
This qualltyIe advantageousIn fllghttesting,for the data obtained
are lndepeti of the engineand the altitudeat whloh the testsare
made. In otherWOMS, runs at dtffemnt altltudeswIU definethe
same curve. On suoh a oume,
speed,dependson the maximum

however,the end point,or msxlmm
speedavailablefrom the engine,which

——
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vE@ee.wltll altltwte; the tlatk must titifoz%.””be“*QUQ to the
fom of ~X 26 befmw. WF are u“ful III a ccmp@ison of

‘1

mdnmn epietki. “. “..
.

Cnnslderlng first W mrvm of figure
and 18) withoutregarato the fuI1-thrott@
.for a givenforwardspeed,the enginespeed
nose blower than for the N.A.C .A. mwling.

16 (Or@lOSQ of figs.17
points,it 1s evlbnt that,
reqma Is greatarfor the
If the Installationof the

blowernose had not mffecteiithe propollerchmraoteJ!’ietios,th9
displacement of the two curves would afford a reliable measure of the

“ ohange @ drag, since the comparimn of two curves is relatively free
f’rm the mcertaintlef3,& attanptlngto ccmpazwthe”isolatedvalues
of maximumspeedtests,whichsre affectedby enginepeflomanoeand
altltude. For the somepropellerchm?aoterlstics,the”Inoreased
en@e speedfor the nosablowercouldbe attributed~ to an
ficrmuled~ Ooeffiol.eut..

It IE shown in figure 46 (refemmoq 5), however,thatthereare
.markedo-s h the propellercheracteristlcawith changeIn body
shape. As the nom boccmesleasblunt,tho blookingeffeotof the
body decreases,the velocitythroughthe propellerdisk Increases,
and the angleof attackof the propellerbladesis n.duoed. As n
result, the thrust coefficient at a given V@ Is decreased by the
blower nose. The OffOGt Of ~~h a ti~a~ IS to sMft the He at
V curve for the nose blower _ if any aocmlpn@ngchEulgein
drag coefficient In neglected. The ahpmemti of & Otarvesis
thus a measum of the Cdbima effects of changep .titluwt and drag
coefficients end cannot be used as a criterion of the drhg of the two
cowlings, for at leasta part of the ticmaaed engine speed required
for the nose blower is caused by the change h propeller charactefistica,
It is quite possible that the drag coefficient is decreased by the
blower nose; the curves are inonuclusive in this respeot, showing mly
.that any suoh tlecreaseis overbalanced by the decrease”in tlnmst
coefficient.

An apprmlmatc analysisof the speed.-powerrelationsof the two
cowllngsfrcanfigure 16 may Indicate the effeot of the nose blower
on the drag. The aver-s of the two giwupsof polnteare about
lg7milesper hour ~ 2,330r.p.m.fcm the pose blower, and 203 miles
per hour and 2#3&) r.p.m.fm the IV.A.C.A.cowling. FraQ flgme 4,
the corresponding brake horsepowers at M ,000 feet are 533 and 542,
respectIvely,a differenceof 1.7 percent. A Oertalnpa of the
formervslue,however,Is absorbedIn the blower; if this Is taken
as h6 horsepower (Ap/pn?cla= 3.7 and u = 0.74), then the engine
powersused in overcomingthe drag in the two caseaare 48’7and *
horsepower,or a Mfferenoe of about11.3 peroeti. The speed
dlfferenoeIs 6 miles per hour or about3.0 peroent. If the
variationsIn drag coefficientand propelJerefflclenoywith ohange
in speed~ neglected,the 3.0-peroentMf’ferenoein speedrepresents
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a. g.o-peroent &wR&nOe *pOwEm?. mevdmisislfdr~nt
With the 11*3-peroent alfferenm m-@@Yf--wm3-
sp3edsandblomr_. Rimatherword.a,Ifthethrwbhawpouer
availablehad been the H for bc@ Gowlx oondttima,~
msxinuzaspeedswouldhavebeen pmot~oally equal. This f’aot“
-cat- no dgnlfloant ohengs m drag 00eff*Otmt tithti the .,“ ~ .,
~OtSicXl of the tEMltS,the observml ~~ ln~dwlfu! “,” ,,..
amounted for by th Mfferenoe izl”e!n@M speed ana the power . -.
absarbea by * blower.

‘:

The resultsof the sp3etltests are OtiotaslyInomolusivek I :
~ of the faot -t * blowerwas exoesslvely-SWIM%@, -s
Zsshuwrlbyfurther oqputatid tn whloha valm of 68 h~~~r
1s ocmputedfm the blower operektng wltb tJM oowl flapstiosed‘k
a l-3/4 -inoh exit slot, with a negllgtblsohangeh maxlmmnspeetl.“
This ocmputatimlindtoatesa zmduotlcmm drag of the Mz@ane of
7*5 W.W* tith W nose blower.

Ctmmmmm

1. The nose-tMwer “oowllngdefinitelyotiroooledthe e13@ne
cm the @?ound. The aperk-plugboss tcq)eraturesfcm ti-t&Ottle
operatlanstabilizedat about 3D00 F’.a- thb afi temperature
vhlle the highest barrel temperatures reoorded ware about 225° F.
abovethe m. t-ratqe . These taqperatureswere roughly125°1’:
below thoseobtaimd wl.ththe N.A.C.A.COWllngf= a ,fulll-throttle
run of CXOIY6 -es. The temperature of the 011 entering *
engine wa19also p3rrespmdiz@y luwer.

20 The “rise In ienprature of the mollng - throu@ thS “
engine baffles was ro~ 25 peroent greater for the nose-blower
mwllng than for the EcAOCmJgaoowllngwhenthe cowl f@ps ~
olosed to obtain apprmima *Q the mm oylSndertemmrattu?eq.TMe
lndlcates*t km &-ti ~~ma to COO1the _, whiohmwane
that the heat-transferrata f’rcxnfins to air was ~ter.

1“

3, Mo&tfylng the ‘hose b-r by restrlotl& tlM ~ entranoe
to”M peroent”of I*s.mlginal ama “remlteilin only slightly 3ii@er
- telmn%turea. “ ,

. .
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htgher f’ull-throttb 8peedEIxqxrp
oowl~ than with” the nose~blower

COW13.IW, the teats w31N3 hC~lUSiW ~ the mea f3&4p0tit
Owingto the faot that the nose blower- was too I&3- for this
~lne d ~qmntly absorbedmom powerk it need have to
obtainaatlsfaotorygrolnldCoolq. “

hn@.sy -rid. A9r0nalrtiCalLaboratory
Natioml .AdvlaoryCcmnittee for Aeronautlm,

Langley Field, Ya., Septmiber 22, 1939.
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W.A.O.A. Tiga.“1a 3

Figure I.-Sideview of N.A.C.A.oowling. .

Figure i3.-Frontview of ?J.A.C.A.cowling.

Figure 3.-One.quarterview of A-17A airolanewith M.A.C.A. COWMIWT.
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Figure 6.-Side view of noBe-blowercowling.

Figwo 7.- One-quarterview of nose-blo~r cowri~.



?T.A.C.A. Pigs. 8 9

;.,,, ,,
.,’ ,

Figure 8.-Frontview of noee-bloweraowling.
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Figure 9.-One-quarzerview of A-17A airplane with noee-blowercowling
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Figs.- 10 11 12

Figure 10.-Side
view

of modifiednose-
blower cowling.

Figure il.-One-
quar-

ter view of mod-
ified noee-blow-
er cowling.
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